To analyze the characteristics of drought and flood variations in Quanzhou during recent 55 years, the standardized precipitation index (SPI) and Empirical Orthogonal Function (EOF) and Rotated Empirical Orthogonal Function (REOF) were calculated by using the monthly precipitation data from 6 meteorological bureaus across Quanzhou for 1960-2014. Results showed that: 1) During 1960-2014, the drought and flood showed Periodic variation characteristics in Quanzhou, the specific period of frequent drought was 1963-1972, 1977-1986 and 2009-2011, and the specific period of frequent flood was 1961-1962, 1972-1975, 1990-1992 and 1997-2007; the drought and flood did not have significant tendency of variation in Spring and Summer, and the drought and flood showed a non-significant downward trend in Autumn and Winter. 2) The drought and flood variation had relatively consistent trend in Quanzhou, but there was a big difference on the northwest mountainous area, the middle semi-mountainous area and the southeast coast area in some periods.
Introduction
The loss caused by meteorological disasters is huge, and in meteorological disasters, the effects of droughts and floods are the most serious [1] . Located on the southeastern coast of Fujian Province, Quanzhou is a subtropical marine monsoon climate. It is located in the middle section of the Jidong Mountains and in the middle of the hilly plain on the southeast coast of Fujian. The west is the main part of Daiyunshan. It is adjacent to the Taiwan Strait in the south, facing the mountains and the sea. The terrain is low in the northwest and high in the southeast, and has the topography and landforms of mountains, hills and coastal plains. The regional climate characteristics are obvious. The intensity of the monsoon and its appearance sooner or later have a greater impact on the precipitation time and regional distribution. Drought and flood disasters often occur and it is one of the most severe meteorological disasters in Quanzhou. It has become an important factor that restricts socio-economic sustainable development in Quanzhou.
At present, the commonly used indicators of droughts and floods include precipitation anomaly (Pa), Palmer drought index (PDSI), soil relative humidity index, standardized precipitation index (SPI), Z index, and integrated meteorological drought index (CI). Many scholars at home and abroad have comparatively analyzed the effects of different indexes on monitoring drought events.
The SPI index based on precipitation data not only has the advantages of simple calculation and multiple time scales, but also can compare droughts and floods in different spaces and has good stability. In extreme cases, it is superior to the widely used Z index in the country and has been widely used in drought monitoring [2] [3] [4] [5] . Livada and Assimakopoulos [6] used the rainfall data from the Greek meteorological station to calculate the SPI values in Greece and analyzed the temporal and spatial changes of the drought in the region. Wu et al. [7] [8] showed that the longer the precipitation record time, the more reliable the SPI results. Under arid climate conditions, more attention should be paid to the duration of drought, not just the drought intensity. Yuan Wenping et al. [9] used SPI and Z index to study wet and dry climate events in different regions of China. He believed that SPI has superior stability in calculation compared with Z index. It has a good monitoring effect on extreme dry and wet climate events and can be used for water resources assessment in China and drought monitoring at different time scales. Therefore, this paper uses the monthly precipitation data from stations in Quanzhou City from 1960 to 2014, and uses the standardized precipitation index (SPI) to analyze the spatial and temporal distribution characteristics of droughts and floods in Quanzhou. It is not common to introduce the above studies into the Quanzhou area. It is expected to provide a scientific basis for the monitoring and evaluation of droughts and floods, prevention and mitigation of droughts and floods, and rational use of water resources. 
Data and Methods

Research Data
The data used by the Institute is the monthly precipitation data from 6 regular weather stations in Quanzhou during 1960-2014. In order to ensure the integrity and continuity of the data, the monthly precipitation data from Anxi Station in January, August, and August in January 1968 and January 1971 were used to interpolate the monthly precipitation data from the Nan'an Station with the best correlation.
Research Methods
The Standardized Precipitation Index (SPI) was proposed by McKee et al. [10] .
Only a relatively long period of precipitation (generally more than 30 years) is needed to calculate the drought index at different time scales. It is applicable to drought monitoring and assessment on a monthly scale. The formula is [11] [12]:
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In the formula, In the formula, α and β are the shape parameters and scale parameters of the Γ distribution function, respectively. (1, 3, 6, 12, 24 , 48 months, etc.). For example, the SPI of December time scale represents the standard deviation of December precipitation. The SPI of 3 months time scale in December represents the standard deviation of precipitation in October-December. The December 12-month time scale SPI represents the standard deviation of January-December precipitation. This article mainly analyzes the 12-month and 3-month time scale SPI. Because 12-month time scale SPI can more clearly reflect the stage changes of drought and flood, and 3-month time scale SPI can reflect the seasonal drought, it is closely related to agricultural drought. The drought classification was graded according to the drought level criteria such as Journal of Geoscience and Environment Protection
Mckee [10] , and the degree of drought was added according to the drought level criteria ( Table 1) .
The empirical orthogonal function (EOF) and the rotational empirical orthogonal function (REOF) can convert the original multiple related indexes to a few new and independent comprehensive indexes without losing or losing the original information. Therefore, EOF was used to process the SPI sequences of each station, and the overall trend of drought and flood changes over time and the spatial distribution of drought and flood were analyzed. By rotating the EOF feature vector (REOF) and redistributing the variance, the principal components have more separation, and the rotative factor load vector is obtained. Each vector represents the spatial correlation distribution structure. The larger the value is, the better the correlation is, and the closer to 0 is the irrelevance, so that the results of the principal component analysis can be better explained and the area of the drought and flood is divided. SPI3 values fluctuate more frequently on the 0-line, reflecting the short-term change characteristics of drought and flood. As the time scale increases, the response of SPI6 and SPI12 to short-term precipitation slows, the drought and flood changes are more stable, the cycle is more obvious, and it has a better SPI6 showed extreme drought in April-May, heavy drought in March, moderate drought in February and June, normal in January and July-December. SPI12
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showed extreme drought in May, severe drought in June, moderate drought in February and April, normal in January and July-December. It can be seen that with the change of SPI time scale, the level of droughts and floods will also change, and the onset time and end time of droughts and floods will be delayed correspondingly with the increase of SPI time scale, which fully reflects the cu-Journal of Geoscience and Environment Protection mulative effects of previous precipitation changes [13] .
Inter-Annual Variation Characteristics of Drought and Flood
The interannual change of SPI can reflect the specific time period of drought and flood. As can be seen from the monthly changes in SPI12 in Figure weak and the precipitation is slightly increased, but the trend is not significant. 
Seasonal Characteristics of Drought and Flood Changes
Conclusions
1) Droughts and floods in Quanzhou are characterized by periodical changes. There were 22 droughts and 17 rainstorms in Quanzhou during the period from 1960 to 2014. The specific time periods for frequent drought events were 1963-1972, 1977-1986, and 2009-2011 . The specific time periods of frequent rainstorm events were 1961-1962, 1972-1975, 1990-1992 and 1997-2007 . The drought in Quanzhou generally showed a weaker trend, and precipitation increased slightly, but the trend was not significant. 3) The drought and flood changes in Quanzhou have a relatively uniform trend, but they also show some differences in certain periods, which are mainly represented by the large differences in the northern mountainous area, the middle semi-mountainous area, and the southeastern coastal area. There is no obvious trend of droughts and floods in the mountainous areas in the middle and the northwest, but the drought conditions in the southeastern coastal areas have eased.
4) The precipitation in each season in Quanzhou has a good spatial consistency. The precipitation centers are in the Nanan and Anxi areas, and there are significant differences in the areas with less rainfall: spring in Yongchun and Dehua; summer in Chongwu and Jinjiang; autumn in Chongwu; winter in Dehua and Chongwu.
